A patient received a ventriculoperitoneal shunt operation for hydrocephalus after subarachnoid hemorrhage. Postoperative computed tomography incidentally revealed asymptomatic pneumothorax caused by a shunt tube passing through the thoracic space. The patient was observed without removal of the tube or chest drainage, with the expectation of spontaneous recovery. However, the pneumothorax was not cured, and chest drainage was performed and eventually resolved the pneumothorax. The ventriculoperitoneal shunt worked well, and the patient recovered from consciousness disturbance. We discuss treatment strategies for this rare complication and how to avoid it. A review of the literature suggests that female or obese patients may be associated with this complication.
InTRoduCTIon
We report a case of an iatrogenic pneumothorax after a ventriculoperitoneal (VP) shunt operation, which is a known but rare complication. To the best of our knowledge, there are only 4 previous case reports on this complication (1-4). We describe how we managed this complication and review the literature.
CASe RePoRT
A 73-year-old woman presented with subarachnoid hemorrhage due to a ruptured aneurysm. Coil embolization was performed, and the patient was transferred to a rehabilitation hospital. The patient's consciousness deteriorated because of hydrocephalus after 6 months from the onset of subarachnoid hemorrhage. The patient was of medium build. We placed a VP shunt. One of the operators inserted a shunt passer from abdominal subcutaneous fat tissue to the supraclavicular portion. He palpated the tip of the shunt passer during its advancement, but could not palpate it underneath the patient's breast. The patient showed no change in vital signs, including the respiratory system, during the operation and after extubation. Following the operation, abdominal computed tomography (CT) was performed because one of the operators had previously experienced a complication of migration of the tip of a shunt tube into the abdominal subcutaneous space. The upper slice of the abdominal CT incidentally revealed that the shunt tube had passed through the thoracic space and caused pneumothorax and subcutaneous emphysema ( Figure 1A ). The patient did not complain of respiratory distress, and respiratory conditions were stable. Three-dimensional (3D) thoracic CT revealed that the tube had passed underneath the 3rd to the 5th rib ( Figure 1B ). We consulted with a thoracic surgeon and decided to observe the patient carefully without removal of the shunt tube or chest drainage, with the expectation of spontaneous recovery of pneumothorax. This was because tension pneumothorax was not observed and we were concerned about shunt infection after chest drainage. Although the patient showed no symptoms for 1 week, thoracic CT showed slight enlargement of the pneumothorax. Chest drainage was performed after con-
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sulting the thoracic surgeon again. A chest drainage tube was inserted laterally between the 5th and 6th ribs apart from the VP shunt tube to decrease the risk of shunt infection. An antibiotic agent was used to prevent infection. The chest drainage tube was removed 1 week later. The pneumothorax was cured at this time. The VP shunt worked well, and the patient gradually recovered from consciousness disturbance and was transferred to a rehabilitation hospital.
dISCuSSIon
Pneumothorax after a ventriculo-or subdural-peritoneal shunt is a known but rare complication. We could only find 4 cases with this complication in the literature, and these are summarized in Table I (1-4). In cases of tension pneumothorax, respiratory insufficiency will occur during or just after an operation (3, 4). In such a case, chest drainage must be performed immediately. In our case, the patient suffered from non-tension pneumothorax and showed no symptoms. Early postoperative CT incidentally revealed the pneumothorax. If we had not detected the pneumothorax, the patient might have showed respiratory insufficiency a few weeks after the operation.
To design a treatment strategy for the complication of pneumothorax, we considered a combination of 2 treatments: chest drainage and removal of a VP shunt tube. First, with regard to chest drainage, we were concerned about shunt infection if the VP shunt tube remained. During chest drainage, shunt infection might occur and then we would have to remove the VP shunt tube. The pneumothorax was not the tension type, and therefore we did not perform chest drainage at first because we expected spontaneous recovery of the pneumothorax without having this risk of shunt infection. A previous case of pneumothorax after a VP shunt operation was spontaneously resolved without chest drainage (1). Second, removal of a VP shunt tube can avoid the risk of shunt infection after chest drainage. However, shunt revision would be necessary later. We decided to leave the shunt tube in our patient because we considered that the risk of infection was not high with the use of antibiotics. We appreciate that our decision is controversial. The patient will have the shunt tube for life, and infection might occur in the future. The infection could cause not only meningitis and peritonitis but also pneumonia and thoracic empyema. However, in 2 cases among the 4 previously reported cases of pneumothorax after a ventriculo-or subdural-peritoneal shunt (Table I) , the shunt tube was not removed after chest drainage, and no infections or other complications occurred. Therefore, it may be acceptable to leave the shunt tube even if chest drainage is performed.
To avoid this complication of pneumothorax after a VP shunt, the tip of a shunt passer should be palpated during its advancement, although it is sometimes difficult underneath a patient's breast or in obese patients. All 5 reported patients with pneumothorax after a ventriculo-or subdural-peritoneal shunt, including our case, are female (Table I ). In 1 of these patients, the patient was described as obese (3). Being Reconstructed three-dimensional CT shows the shunt tube passing underneath the 3rd to 5th ribs (arrows). CT also shows an indentation at the 6th rib at the tract of the shunt tube (arrow head), which might make the shunt passer likely to migrate underneath the 5th rib. 
